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Allergy to penicillin has recently aroused considerable interest. There is
the possibility that other therapeutic agents from related sources may also cause
allergic reactions, as has already been observed clinically with streptomycin.
Since these reactions at times interfere with the use of these valuable drugs, a
more precise understanding of their antigenic activity assumes clinical as well
as biologic significance.
The first section of the present report deals with a study of anaphylaxis in
guinea pigs, employing amorphous and crystalline penicillin and streptomycin
as antigens. Throughout this work the Dale test was employed to demonstrate
anaphylaxis, the uterine horn being used as the test object. Cross sensitization
was looked for between these antibiotics and also between them and trichophytin.
Other experiments were carried out in rabbits in an effort to demonstrate the
phenomenon of local anaphylaxis (Arthus), and to elicit the Shwartzman
phenomenon.
The second section is concerned with the observations of skin reactions to
penicillin, streptomycin and trichophytin in man. These are discussed with
particular emphasis on their immunological interrelationships. The clinical
significance and practical applications of these findings wili be presented else-
where (1).
SECTION I: ANIMAL EXPERIMENTS
Experimental procedure
155 virgin female guinea pigs were used in the sensitization experiments. In
most of the work, amorphous and crystalline penicillin and also streptomycin
were used as antigens. Later crystalline penicillin G was used whenever pos-
sible. Streptomycin hydrochloride was used as available commercially. Other
experiments were performed using a complex of crystalline penicillin and human
plasma albumin, as prepared by Chow and McKee (2) and supplied us through
the courtesy of the Squibb Institute of Research.
Animals were also infected with a spore suspension from a strain of T. gypseum
furnished us by Dr. George Lewis of Cornell Medical School. This strain is
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pathogenic for guinea pigs. Fresh trichophytin was prepared as needed in this
laboratory with a standard technic.
The large number of guinea pigs used in these experiments was necessitated
by the high mortality on repeated injection of penicillin. This has been noted
by previous investigators (3) and will be discussed later.
25 additional guinea pigs were used in control experiments with penicillin and
trichophytin.
24 rabbits were used in the Arthus and Shwartzman experiments. Potent
meningococcus filtrates were used for the latter, as prepared for us by Dr.
Shwartzman's laboratory.
The Date experiment: All the guinea pigs used were in the weight range from 200 to 250
grams when sensitized. After an incubation interval of 28 days, the animals were killed
by means of a sharp blow on the skull, and the Dale test was performed. The uterine horns
were gently dissected and handled throughout in such a manner as to avoid stretching of
the muscle. The first uterine horn was suspended in the test cup containing a 25. cc. bath
of continuously oxygenated Ringer's solution maintained at 37.5°C. This solution was
freshly made for each experiment. The contractions of the uterine horn were recorded on
a kymograph. After each addition of test solution to the bath, the muscle strip was washed
with approximately 150 cc. of warm Ringer's solution before subsequent tests were made.
The second uterine horn was meanwhile kept in similarly oxygenated but iced Ringer'5
solution, thus maintaining it in the contracted state.
Control observation8: 1. Penicillin.
Method: Eight animals, without previous injection, were sacrificed for the Dale experi-
ment. The technic for the latter was that described above and identical with the method
in the test groups. In three animals the strips were exposed to doses of penicillin, both
commercial amorphous and crystalline G, from 5 to 25,000 units (approximately 3.0 to 15
mgm.). In five animals 50,000 to 200,000 units were tested (approximately 30 to 120 mgm.).
Results: All tests were negative, except for uterine strip contraction observed in one
test with the maximum dose 200,000 units or 120 mgm. of crystalline penicillin.
Interpretation: 200,000 units or 120 mgm. of crystalline penicillin can cause
non-specific, pharmacologic contraction of the guinea pig uterine strip under
the conditions of this experiment. In view of this observation we interpreted
contraction of this strip with 100,000 units (60 mgm.), of crystalline or amorphous
penicillin as a non-specific reaction. The largest dose considered indicative of
anaphylaxis in the test group was 50,000 units (30 mgm.). As will be seen,
specific positive uterine responses fell into the range of 5—25,000 unit dose. Our
controls were entirely negative at this dosage level. Control observations re-
ported by McClosky and Smith with doses of amorphous penicillin of 20—30,000
units were likewise negative (4).
Control observations: . Trichophytin.
Method: These animals, similar to those used for the Dale experiments, received no
injections of any kind, They were sacrificed for tests of response of uterine strips set
up as for the Dale test to varying concentrations of trichophytin.
Results: With undiluted trichophytin—in 3 animals, all strips positive.
With trichophytin diluted 1: 2—all strips positive in six animals.
Trichophytin diluted 1:5—positive in both strips of two animals.
1:10 dilution—positive in one of two strips in two animals, negative in two
other animals.
1:30 dilution—negative both strips all seven animals tested.
ANTIBIOTICS AND TRICIWPHYTIN 167
Interpretation: Any concentration of trichophytin higher than 1:30may have
a primary oxytocic effect on the isolated guinea pig uterine strip under the con-
ditions of the present experiment. Experiments on anaphylaxis strip contrac-
tions to trichophytin in dilutions of 1:30 or greater may be taken as significant.
Penicillin experiments: A. Guinea pigs.
Experiment 1: Sensitization and shock with commercial amorphous penicillin.
Method: 19 guinea pigs were injected intradermally with 1500 units of amorphous penicil-
lin in four sites simultaneously. Total sensitizing dose 6000 units, or about 4.5 mgm. of
penicillin. No further injections were given. Eight animals survived for the Dale experi-
ment 28 days later.
Results: In 2 animals a positive Dale response, with sharp contraction of the uterine
strip was elicited with 25,000 units (about 20 mgm.) of amorphous penicillin. In one of
these the response occurred after a 90 second interval and in this same test it was possible
to re-elicit the reaction by a second application of penicillin in the same dose. The second
strip in this animal was negative. The second animal showed desensitization on the first
strip. The second strip did not respond to doses of penicillin less than 100,000 units (about
80 mgm.).
A third animal showed a positive uterine strip reaction to 50,000 units amorphous peni-
cillin sodium (40 mgm.), which could be repeated. The opposite horn was negative.
Three other animals showed sharp uterine contractions to 100,000 units of amorphous
penicillin but not to smaller doses. These reactions were obtained on one strip only in
each case and in two only after an interval of 60—120 second.
Attempts were also made to elicit uterine contraction in these animals with streptomycin,
25—100,000 units (25 to 100 mgm.) but with uniformly negative results. Trichophytin caused
uterine strip contraction when undiluted but not in 1:10 dilution.
Interpretation: Of 8 animals in which the Dale experiment was completed, 3
may be considered as showing a positive, specific reaction indicative of anaphy-
laxis induced by amorphous penicillin. In 3 others, it required 100,000 units of
penicillin to elicit the reaction. This dose falls within the range of non-specific
pharmacologic response. It is possible that factors other than penicillin itself
present in the amorphous preparation were responsible for sensitization. No
evidence of cross-sensitization was observed under the conditions of this experi-
ment between amorphous penicillin, streptomycin and trichophytin.
Experiment 2: Sensitization with amorphous penicillin sodium; shock with crystalline
penicillin G, sodium.
Method: Of 18 animals, two guinea pigs survived for Dale test after incubation period
of 28 days. Each of the animals received 2000 units intradermally of amorphous penicillin
sodium on alternate days for ten days, or a total of 10,000 units or about 8 mgm.
Results: The first animal was negative on the first strip, and positive on the second, but
with a dose of 100,000 units of crystalline penicillin G, sodium (60 mgm.). The second
animal showed the following: on the first strip, a negative response to 10,000 units crystal-
line penicillin G but positive to the same dose of amorphous penicillin. This strip was
negative to crystalline penicillin in doses up to 100,000 units. The second strip was nega-
tive throughout.
Interpretation: The second animal again illustrates that guinea pig anaphy-
laxis can be induced with amorphous penicillin. However, the negative response
of the uterine strip to the crystalline preparation at the same and higher doses
indicates the probable sensitization to some substance in the amorphous prep-
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aration which is absent from the pure crystalline product. This observation
suggests that we are not justified in regarding positive anaphylaxis to amorphous
penicillin as being absolute proof of true penicillin sensitization. It also suggests
that some clinical instances of allergic reaction to commercial preparations of
penicillin of the amorphous type are not due to penicillin itself.
Experiezent 8: Crystalline penicillin G, sodium for both sensitization and shock.
a) Method: Each animal received a daily intradermal injection of 1000 units of crystal..
line penicillin G for a total dose of 6,000 units, or 3.6 mgm. Of 10 guinea pigs, 3 animals
survived for Dale test after an neubation period of 28 days.
Results: One animal was positive on one uterine strip, responding with a sharp contrac-
tion of 25,000 units of crystalline penicillin G (15 mgrn.). The second animal gave no re-
action to crystalline penicillin but showed a contraction to 100,000 units of amorphous
penicillin. The third animal gave negative responses on both strips to both preparations
in all doses.
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Fie. 1. Guinea pig * 150—exp. 3c. Positive Dale experiment elicited with 5000 units of
crystalline penicillin G sodium in an animal sensitized by intraperitoneal injections of
crystalline penicillin.
b) Method: Each animal received 500 units intradermally, and 500 units intraperi-
toneally of crystalline penicillin, for two days. Total sensitizing dose, 2000 units or 1.2
mgm. Three of 10 animals survived for Dale test after a 28 day incubation period.
Results: All tests were negative in all animals with shock doses in the Dale experiment
using 5 to 25,000 units (3 to IS mgm.) of crystalline penicillin sodium.
c) Method: Each animal received an intraperitoneal injection of 1000 units every other
day to a total of four doses, or 4000 units (2.4 mgm.) of crystalline penicillin sodium G.
Of 10 guinea pigs, 3 survived for Dale test 28 days later.
Results: Two animals were positive on one uterine strip to 5000 units (3.0 mgm.) of
crystalline penicillin G. In one, desensitization was shown, in the other the response could
be elicited a second time on the same horn with another application of 5000 units of crystal-
line penicillin (fig. 1). The third animal showed a positive response at 10,000 units (8.0
ingm.), which could be elicited again at 25,000 units (15 mgm.) after a 70 second delay.
The second horn was negative in all these experiments.
Interpretation: Four of nine guinea pigs in Experiment 3 (a, b, c) gave evidence
on Dale experiment of successful anaphylaxis with crystalline penicillin G, so-
dium. In each instance the shock dose of penicillin was within the range of
5-25,000 units (3-15 mgm.) well below the minimum dose found in control and
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other experiments to have a pharmacologic oxytocic action, i.e., 60 mgm. Elici-
tation in only one horn, absence of desensitization in two experiments, and
successful sensitization in less than half of the animals may be indicative of the
fact that penicillin is only a weak anaphylactogen. However, the difficulties of
sensitization because of the toxicity of penicillin in this species may explain the
irregularity of the results obtained.
Experiment 4: Sensitization with crystalline penicillin-human plasma albumen complex
(Chow and McKee), shock dose amorphous penicillin or complex.
Method: Each guinea pig was injected intraperitoneally with 100 mgnl. of complex in
1.0 cc. of saline, containing 467 units of crystalline penicillin. 3 animals of 7 survived for
the Dale experiment 28 days later.
Results: Two animals showed no contraction of uterine strip to amorphous penicillin
in 25 to 100,000 unit amounts. In one of these a positive Dale reaction occurred in response
to whole complex. In the third animal the first strip responded to 50,000 units (about
40 mgm.) and the second to 100,000 units of amorphous penicillin sodium.
Interpretation: One of three animals was shown to be sensitized to penicillin
after injection of the crystalline penicillin-human plasma albumin complex of
Chow and McKee. This was not a higher incidence of sensitization than that
obtainable with crystalline penicillin alone. This experiment does not, there-
fore, provide evidence that crystalline penicillin in some combination with pro-
tein acts more certainly as an anaphylactic antigen than it does alone. However,
factors of dosage make interpretation difficult.
Experiment 5: Passive anaphylaxis with serum from a human subject with a history of
penicillin urticaria and a strongly positive 48 hour skin test to crystalline penicillin.
Method: 2.0 cc. of the patient's (D.C.) serumwas injected intravenously, into the femoral
vein of a guinea pig. After 48 hours Dale experiment performed on 2 animals.
Results: In one animal a uterine strip contraction was elicited with 100,000 units of
crystalline penicillin, and in the other a response was obtained only to 100,000 units of an
amorphous preparation.
Interpretation: The responses were considered to be indicative of the primary
oxytocic effect of penicillin in this dosage (approximately 60 mgm.). There
was no evidence for the presence of anaphylactic antibodies in the blood of this
patient.
B. Rabbits:
Experiment 6: Sensitization with intravenous and intraperitoneal amorphous peni-
cillin sodium. Intravenous shock dose of amorphous penicillin to induce general ana-
phylaxis. Employment of Shwartzman phenomenon to demonstrate the presence of
antibodies to penicillin.
Method: 3 rabbits weighing approximately 3 kilos each were given intravenous injections
in 3 series of 3 daily injections at intervals of 7 days. After another interval of one week,
or 22 days after the first penicillin injection, intradermal preparatory sites for the Shwartz-
man phenomenon were laid down. These consisted of 0.25 cc. of a potent mening000ccus
filtrate, diluted 1:3, injected intradermally at two sites of the abdominal wall. 24 hours
later each rabbit was given 250,000 units (approximately 200 mgm.) of amorphous peni-
cillin sodium intravenously.
Results: There was no evidence of general anaphylactic shock. There was no ecchy-
niosis to indicate a positive reaction at the sites prepared for the Shwartzman phenomenon.
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Experiment 7: Multiple intradermal injections of amorphous penicillin sodium at five
day intervals repeated seven times to demonstrate the phenomenon of local anaphylaxia
(Arthus). In the same animals the Shwartzman experiment was carried out as above.
Method: 4 animals were used. Each received ten intradermal injections of amorphous
penicillin in ten abdominal wall sites. This was repeated at five day intervals seven times.
Two of the animals received 2000 units at each site, and two were injected with 4000 units.
One week after the last set of intraderm.al injections, Shwartzman sites were prepared,
as described in Experiment 6; and 24 hours later 250,000 units of amorphous penicillin was
given intravenously.
Results: There was no change in local reaction to intradermally injected amorphous peni-
cillin either immediately or after 48 hours. There was no evidence of an Arthus phenom-
enon by this method. The intravenous injection of penicillin following efforts at sensitiza-
tion did not induce general anaphylaxis, nor did it elicit the Shwartzman phenomenon
at suitably prepared sites in these animals.
Interpretation: It was not possible to induce anaphylaxis, general or local,
in the rabbit with amorphous sodium penicillin. Employment of the Shwartz-
man phenomenon as an indicator of antibody responses to penicillin yielded
negative results and offers suggestive evidence of the absence of such antibodies
in the rabbit under the conditions of the present experiment (5).
Experiment 8: Amorphous penicillin sodium as preparatory or as eliciting factor in the
Shwartzman phenomenon.
Method: In each of 3 animals, 250,000 units of amorphous penicillin was injected in-
travenously 24 hours after preparation of the skin with intradermal injection of 0.25 cc.
of a potent meningococcus filtrate in 1:3 dilution. In 3 other animals the penicillin was
injected intradermally 4000 units per site and followed in 24 hours by meningococcus filtrate
1:30 3.0 cc. intravenously.
Re8ults: There was no evidence of a Shwartzman phenomenon in either type of experi-
ment.
Interpretation: Amorphous penicillin was ineffective in these experiments
either as a preparatory or eliciting agent for the Shwartzman phenomenon.
These results as well as those of experiments 6 and 7 would suggest caution in
considering the Shwartzman phenomenon as an explanation for any unusual
necrotic or hemorrhagic phenomena which may be observed in the course of
penicillin therapy in human beings.
A note on the toxicity of penicillin for the guinea pig: The mortality of guinea pigs given
repeated injections of penicillin, daily or every other day was very high. 111 of 129 died
within 12 to 24 hours after from 1500 to 6000 units of penicillin given usually as 1000 units
per injection. An occasional animal died within an hour or two after the injection. Typ-
ical anaphylactic shock was not observed. In most instances the manner of death was
uncertain as the animals would be found dead in their cages at the time of the next injection.
That it is not anaphylactic in origin is supported by our Dale experiments in all control
animals. The possibility of some other type of sensitivity based on previous fungous
or other infection is unlikely in view of negative "spontaneous" skin tests to penicillin
in the guinea pig as observed by us, and also in the experiment of Cormia and Lewis (6).
The animals which survived for the Dale test 28 days later were emaciated and showed
loss of weight as compared with those injected with streptomycin and kept under apparently
identical conditions. They were found to have much smaller uterine horns than the strep-
tomycin-injected or uninjected animals of the same age. These effects of penicillin oc-
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curred whether the animals were injected with the amorphous or with the pure crystalline
form. We have made no postmortem studies which shed light on this phenomenon. Simi-
lar observations have been made previously on the curious susceptibility of the guinea
pig to penicillin in contrast with the absence of toxicity for other species (3). In this report
the autopsy findings were uninformative as to the cause of death.
This unusual toxicity of penicillin for the guinea pig is unexpected in view of human
experience and observation in other experimental animals. We have no explanation other
than a peculiar species toxicity which has been observed with other pharmacologic agents.
Streptomycin Experiments: Experiment 9.
Method: Each of 12 animals was given 750 units of streptomycin HC1 intradermally
and 5000 units subcutaneously, a total of 5750 units of 5.75 mgm. on a single day. No fur-
ther injections were given. 28 days later Dale test was done on 7 surviving animals.
Results: In all animals, on both strips, with a single exception there were negative re-
sponses to streptomycin, 25 to 100,000 units (25 to 100 mgm.). One strip of one animal,
after negative responses to 40 and 50 mgm., was exposed to undiluted trichophytin and
again later, after the usual washing, to 40 mgm. of streptomycin with a resulting sharp
contraction. Negative responses to streptomycin consisted either of no reaction what-
soever or a definite relaxation of the strip.
The strips were also exposed o amorphous penicillin in doses from 25 to 100,000 units.
Three positive responses were seen, one at 25,000, one at 50,000 and one at 100,000 units.
The strips were also tested with trichophytin from 1:30 dilution and to the undiluted
extract. 1:10 dilution produced only one positive response while reactions occurred fre-
quently to 1:2 dilution and almost invariably to the undiluted form.
Interpretation: There is no definite evidence of anaphylactic sensitization to
streptomycin. The responses to penicillin in 25 and 50,000 unit dosage have
not been observed in control experiments and may possibly be construed as
sensitization to some substance common to both the amorphous penicillin and
the streptomycin preparations. However, in view of the negative responses to
streptomycin, the common antigen must exist in larger quantity in penicillin
and, therefore, shock is elicited with penicillin only. The reactions to tricho-
phytin are non-specific, and not indicative of cross sensitization with strepto-
mycin.
Experiment 10: Method: Each of 9 animals was given 5.0 mgm. 5000 units of streptomycin
intraperitoneally daily for five days for a total dose of 25 mgm. Dale test was done on 9
surviving animals after 28 days.
Results: Both uterine muscle strips from all animals were negative to streptomycin
in the Dale experiment in doses from 25 to 100 mgm. Either no response or a relaxation
was observed. In five animals tests were also done with crystalline penicillin in doses
from 5 to 25,000 units (3.0 to 15 mgm.). There was a single positive contraction to 10,000
units (6.0 mgm.) of crystalline penicillin G on one strip (fig. 2). Trichophytin responses
were found in dilution 1:30 in 2 animals; in the second this could be elicited on both horns
(fig. 3). In all remaining animals responses to trichophytin were seen only in higher dosage
indicative of a primary oxytocic effect (fig. 4).
Interpretation: There was no evidence of anaphylactic sensitization to strepto-
mycin. The single positive strip reaction to crystalline penicill n G is of consid-
erable theoretical interst, but as an isolated observation does not permit of def-
inite conclusion. However, together with the positive responses to amorphous
penicillin noted in Experiment 9, one may speculate whether there is a factor
FIG. 2. Guinea pig l874—exp. 10. Positive Dale experiment elicited with 10,000 units
of crystalline penicillin G. sodium in a guinea pig sensitized by iatraperitoneal injections
of streptomycin. Apparent demonstration of cross-sensitivity.
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FIG. 3. Guinea pig 561—exp. 10. Positive Dale experiment with trichophytin 1:30.
Animal sensitized by intraperitoneal injections of streptomycin. Since both are crude
antigens apparently there was sensitization to an antigen common to both.
FIG. 4. Guinea pig l54—exp. 10. Animal sensitized by intraperitoneal injections
of streptomycin. Uterine Strip contractions obtained with trichophytin 1:10. Such
contractions can be obtained with 1:10 dilutions of trichophytin in control animals.
gation. The two responses to trichophytin also suggest the presence of a factor in
the relatively crude streptomycin which is similar to or identical with some sub-
stance in the trichophytin extract; i.e., a common antigen is present. In view
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present in streptomycin as now available which is identical with or closely related
to crystalline penicillin. Proof of this hypothesis would require further investi-
GP 874 1st uterine horn
3-19-47
5,000 U. Penicillin 10,000 U. Penicillin
Crystalline
Icc Trychophytin 130 I cc Trychophytin 130t0 3 6 9p 9 3p 6,0 90
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of the negative reactions to streptomycin itself, one must assume that there is a
larger amount of the antigen in the trichophytin. These are observations which
must be confirmed in a larger series before they can be accepted.
Experiment 11: The phenomenon of local anaphylaxis (Arthus) in the rabbit with re-
peated subcutaneous injection of streptomycin.
Method: 3 rabbits, 2.5 kgm. in weight, were injected subcutaneously in the abdominal
wall with 30,000 units (30 mgm.) of streptomycin HC1 at intervals of 5 days for a total of
8 injections. Reactions to injection were looked for both immediately and after 24 hours.
Results: There was no evidence of any local reaction to the injection of streptomycin
at the injection sites other than the faintest erythema in occasional instances. There
was no change in reaction to later injections as compared with the initial ones.
Experiment hA: In rabbits given multiple subcutaneous injections of streptomycin
(from experiment 11), elicitation of the Shwartzman phenomenon as an indicator of the
presence of antibodies against streptomycin.
Method: Three days after the last subcutaneous injection of streptomycin in 3 rabbits,
as described in expt. 11, each rabbit received a preparatory injection of 0.025 cc. of a potent
meningococcus filtrate. Each of two rabbits, received 24 hrs. later 50,000 units (50 mgm.)
of streptomycin intravenously in 0.5 cc. of saline. The third rabbit was given 300,000
units (300 mgm.) by the same route.
Results: The first two rabbits developed large intensely ecchymotic areas at the pre-
pared sites, easily visible at 4 hrs. and at 24 hrs. These sites later became necrotic. They
were typical of the Shwartzman phenomenon. The rabbit injected with 300 mgm. of strep-
tomycin died within a few minutes of the injection.
Experiment JiB: Streptomycin as an eliciting factor in the Shwartzman phenomenon.
Control observation to experiment hA.
Method: Two rabbits were prepared with intradermal meningococcus filtrate as in the
previous experiment. They had received no previous injections of streptomycin. 24
bra. later they were given 50,000 units, 50 (mgm.), of streptomycin intravenously.
Results: No areas of ecchymosis were observed at the prepared abdominal sites.
Interpretation: As with penicillin and trichophytin, streptomycin cannot act
as the eliciting or provocative factor in the Shwartzman experiment. However
in the rabbits previously injected with streptomycin the Shwartzman phenom-
enon was elicited presumably because of the action of an antigen-antibody
complex at the prepared site. Antibodies to streptomycin as a result of the
previous injections are thus demonstrated.
Trichophytin Experiments: Experiment fl: An attempt to induce trichophytin sensi-
tivity by intradermal injections of trichophytin.
Method: 7 guinea pigs injected intradermally with 0.1 cc. of trichophytin 1:30 weekly
for 3 weeks. 8 days after the last intradermal injection, skin tests were done with both
amorphous penicillin 2000 units in 0.1 cc. of saline and 0.1 cc. of trichophytin 1:30.
Result8: All skin tests to both trichophytin 1:30 and amorphous penicillin were found
negative in 5 surviving animals.
Trichophyton gypseum infestation in guinea pigs: Experiment 13:
Method: Each of 12 guinea pigs was injected intradermally with 0.1 cc. of a T. gypseum
spore suspension. The strain of T. gypseum was furnished us by Lewis. Simultaneously,
the suspension was rubbed into the scarified skin of the abdominal wall. After a 28 day
interval, intradermal tests were done with both trichophytin 1:30 and crystalline penicillin
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2000 units in 0.1 cc. saline. After another 9 days the four surviving animals were sacrificed
for the Dale experiment.
Results: The development of large inflammatory nodules at the sites of injection of the
spore suspension, and the appearance of superficial scaling lesions at the scarification sites
were considered indicative of successful innoculation with T. gypseum.
a) Skin Lest readings after 28 days were:
Trichophytin 1:30—seven of 10 animals negative. One animal showed a small area of
induration, another a small papule, the third an area of faint erythema.
Crystalline penicillin 2000 units: One animal showed a pea-sized induration, the same
animal had shown a similar reaction to trichophytin; another animal showed a pea-sized
induration, the trichophytin site being negative. 8 animals showed no reaction to peni-
cillin.
b) Dale experiments: In three of four animals there was no uterine response to peni-
cillin (crystalline) in doses varying from 25,000 to 200,000 units (15 to 120 mgm.); or to
streptomycin from 10,000 to 100,000 units (10 to 100 mgm.); or to trichophytin 1:30 to 1:10;
or to T. gypseum spore suspension. In the fourth animal the first strip was too irritable
to use as a test object. The second strip was negative to penicillin 50,000 to 100,000 and
the T. gypseum spore suspension gave repeated moderate contractions 45 seconds after
100 mgm. of streptomycin.
Interpretation: Both the trichophytin and penicillin skin reactions following
infestation with T. gypseum were borderline in character. They occurred in a
small minority of all the animals infected. Control animals, however, did not
show similar skin tests with penicillin or trichophytin. Further experiments
would be necessary to be certain that T. gypseum infestation in the guinea pig
leads consistently to skin sensitivity to either penicillin or trichophytin. Re-
pated intradermal injections of trichophytin do not induce either a positive
penicillin or trichophytin skin reaction. The negative Dale tests show that
anaphylactic sensitization to penicillin and trichophytin did not occur in these
animals five weeks after inoculation with the spore suspension into and on the
skin. The single questionable streptomycin response does not permit of inter-
pretation.
SUMMARY OF ANIMAL EXPERIMENTS
Guinea pig anaphylaxis to amorphous penicillin was first demonstrated by
McCloskey and Smith (4). They observed both gross anaphylaxis and positive
Dale experiments. However, they concluded that penicillin was a weak antigen
because their results were irregular, the muscle strip reactions were often delayed
and a positive response frequently obtained on only one of the two uterine horns.
Our findings are in essential agreement with theirs on each of these points. How-
ever, as we have pointed out, sensitization of the guinea pig to penicillin is
limited by the toxicity of this antibiotic for this species.
McCloskey and Smith properly pointed out that the penicillin preparation
they employed contained other substances than penicillin and that, therefore,
their positive anaphylaxis experiments did not prove that p3nicillin itself was
the antigen involved. That the penicillin in commercial preparations of peni-
cillin is not always the sensitizing antigen is indicated by result in Experiment 2,
where after sensitization with amorphous penicillin, a positive Dale reaction could
be obtained with amorphous but not with crystalline penicillin. These experi-
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mental findings are in line with clinical observations which have shown that some
allergic reactions to commercial penicillin are not due to penicillin itself. Thus,
Barefoot and Olansky (7) reported a case of extensive cutaneous reaction which
occurred twice in treatment with ordinary commercial penicillin, but which did
not recur when pure crystalline penicillin was used. Similarly, contact derma-
titis to penicillin (8) has been reported in which the patch test was positive to
the commercial but not to the crystalline form. Thus, in all allergic reactions
to commercial non-crystalline penicillin, sensitivity to penicillin itself should be
proved by a skin test with crystalline penicillin or by changing to the crystalline
form for further therapy.
Chu and Cutting (9) have reported negative results in experiments on guinea
pigs with crystalline penicillin. They were unable to demonstrate positive Dale
experiments or any response with other isolated organs with crystalline peni-
cillin. However, it may be pointed out that the dosage they employed both for
sensitization of their animals and for elicitation of the uterine horn response was
lower than that which we used. This may account for their negative findings.
We may point out that our control experiments exclude the possibility that our
positive results were due to a non-specific oxytocic action of crystalline penicillin.
Our results showed irregular anaphylactic sensitization with crystalline peni-
cillin, a positive Dale being obtained on one horn only in four of the nine ani-
mals.
Attempts to produce an Arthus phenomenon in three rabbits with repeated
series of multiple intradermal injections of amorphous penicillin were unsuccess-
ful. Chu and Cutting were able to report elicitation of the Arthus phenomenon
in 7 of 9 rabbits with crystalline penicillin. Their dosage was generally lower
than that we employed.
Our negative experiments in the production of the Shwartzman phenomenon
with amorphous penicillin as either eliciting or preparatory factor are of interest.
This phenomenon is usually induced by bacterial filtrates and it was important
to observe whether penicillin, a product of fungi, would be effective in this regard.
Our negative results were not surprising in view of the fact that previous work
of Peck (10) demonstrated that trichophytin could not be used as an eliciting
or preparatory factor in the Shwartzman phenomenon. This is of clinical im-
portance too because of frequent use of penicillin by the intravenous route. The
negative experimental results would therefore, suggest caution in considering
the Shwartzman phenomenon as an explanation for any unusual hemorrhagic
or necrotic lesions which might be observed in the course of penicillin treatment
in 'human beings. Non-specific local hemorrhagic reactions have been observed
by us as responses to certaii lots of amorphous penicillin (1).
Our experiments with the complex of crystalline penicillin and human plasma
albumin, given us by Chow and McKee (2), do not indicate any higher incidence
of positive anaphylaxis in guinea pigs than we were able to obtain with penicillin
alone. However, the complex was employed in small dosage due both to the
limitations of supply and to the fact that when used in larger dosage there was a
100% mortality among the experimental animals.
The experiment on passive anaphylaxis employing the serum from a patient
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with a history of urticaria after penicillin treatment and a positive 48 hour skin
test to crystalline penicillin, was negative in two animals. As this is an isolated
observation, no general conclusions can be drawn.
The control observations on the effect of amorphous and crystalline penicillin
upon the isolated uterine muscle strip reveal that only in high doses (60 to 120
mgm.) a pharmacologic oxytocic action is exhibited. Several investigators in the
clinical application of penicillin to the treatment of syphilis in pregnancy have
observed early miscarriages. Some have attributed this to the effect of the
penicillin treatment (11). It is possible that our experimental observations
may support this contention.
We have been unable to demonstrate guinea pig anaphylaxis with strepto-
mycin. Streptomycin often had a relaxing effect on the isolated muscle strip
but this did not appear to be enough to mask a specific contraction if it were to
occur. Our inability to sensitize the guinea pig with streptomycin obviously
is at variance with the already observed instances of allergic reactions to this
drug in clinical practice. However, it is the exception to be able to induca
anaphylaxis with simple chemicals which readily sensitize human beings. One
cannot, therefore, draw clinical conclusions from negative results of animal ex-
periments in anaphylaxis.
We were also unsuccessful in demonstrating the Arthus phenomenon with
streptornycin by repeated subcutaneous injection of the drug in three rabbits.
Despite the absence of Arthus type of response to the series of subcutaneous
injections of streptomycin, antibody formation to streptomycin had occurred as
shown by subsequent elicitation of the Schwartzman phenomenon on the same
animals (5). This could be done with the intravenous injection of streptomycin
after suitable skin preparation 24 hours before. Control animals which had had
no preceding series of streptomycin injections did not yield a positive Schwartz-
man phenomenon.
The question of cross-sensitization among penicillin streptomycin and tn-
chophytin has both practical and theoretical importance. As will be discussed
more fully later in the section dealing with observations in human subjects, the
relation of the antigen of penicillin and that of trichophytin has already aroused
much interest. In guinea pigs injected with amorphous penicillin there was not
a single positive Dale reaction to trichophytin or streptomycin. In the strepto-
mycin-injected animals, however, uterine horns from two animals reacted to
amorphous penicillin, and a third animal gave a positive response to crystalline
penicillin itself. It is, therefore suggested that streptomycin as at present com-
mercially available may contain an antigen closely related to penicillin. The
possibility may even be suggested that penicillin itself may be present in small
amount in streptomycin. This would explain the positive Dale reactions to
crystalline penicillin in the absence of a response to streptomycin itself.
Positive Dale responses were obtained to trichophytin 1:30 in two strepto-
mycin injected animals. These muscle strips had not reacted to either strepto-.
mycin or penicillin. In one animal the reaction was obtained on both horns
These results suggest the possibility that streptomycin and tnichophytin contain
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a common antigen, present in larger amount in the latter. In this connection
the results of skin test with these substances in human beings will be presented
later.
The slight evidences of cross sensitivity between streptomycin and penicillin
suggests some caution in employing penicillin in patients who have had an allergic
reaction to streptomycin. However, this would obviously depend upon the
exact antigen responsible for the allergic reaction observed. It might be wise to
do skin tests with penicillin, as well as streptomycin, in all patients showing an
allergic reaction to the latter, and conversely.
We were unable to prove anaphylaxis either to trichophytin or to penicillin
in the guinea pig in the course of T. gypseum skin infection. This is in contrast
with the observations of Jadassohn, Schaaf and Wohier (12). However, it may
be noted that those authors specify that a minimum incubation period of 40
days must be allowed for general anaphylaxis to be demonstrable on Dale experi-
ment. In our animals the incubation interval was 37 days. Our control ob-
servations indicate caution in interpretation of a positive uterine horn reaction
to trichophytin in concentrations higher than 1:30.
SECTION II: CLINICAL OBSERvATIONS
We have tested 406 adults and 101 children with penicillin, amorphous and
crystalline, and with trichophytin. 110 patients were also tested with strepto-
mycin. As recorded in detail elsewhere (1) our penicillin skin test consisted in
the intradermal injection of 0.1 cc. of saline containing 2000 units of crystalline
penicillin. For the streptomycin test we employed 500 units in the same volume
of diluent. Higher concentrations of either of these antibiotics were found to
give some non-specific irritative reactions. The tests were read at 48 hours,
just as with the trichophytin or tuberculin reaction. A positive reaction to crys-
talline penicillin consisted of an area of definite erythema, more than 1.0 cm. in
in diameter usually accompanied by definite edema and infiltration and often
studded with vesicles and papules.
Skin tests with streptomycin are difficult to evaluate because of the non-
specific inflammatory reactions when more than 500 units are used in intradermal
testing. 80 adults and 30 children tested with 250 to 500 units streptomycin
in 0.1 cc. saline gave negative reactions. These patients had never before
received streptomycin.
One patient who had a severe generalized erythemato-papulo vesicular erup-
tion in the course of streptomycin therapy gave negative skin tests to strepto-
mycin, penicillin and trichophytin employed in routine skin test doses.
Positive penicillin skin tests were found in 15 of 276 adult patients who had
never received penicillin and among 17 of 130 who had received such therapy.
The broader clinical applications of these findings are discussed elsewhere (1).
We wish to cite our findings here only as part of the specific question of the
relationship of certain forms of penicillin allergy to previous fungous disease
of the skin. In this connection we also would discuss the relation of crystalline
penicillin to trichophytin as an antigen.
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1. Relation of penicillin sensitivity to previous fungous disease of the shin
Clinical experience has indicated that some forms of penicillin allergy are
associated with previous fungous disease of the skin. This applies especially
to so-called "spontaneous" penicillin sensitivity (1, 13, 14) and to the erythemato-
vesicular eruptions (15, 16, 17). The evidence which supports the hypothesis
that these reactions are based on pre-existing dermatophytosis may be summed
up as follows:
a) The existence of "spontaneous" penicillin sensitivity in patients who have
never received penicillin. This was first reported by Welch and Rostenbvrg
(13) who found an incidence of 5.6% in 144 persons. Our own observations on
276 ward patients who had never received penicillin revealed 15 such individuals
with a positive 48-hour skin test, an incidence of 5.4%. There is then a latent
form of penicillin allergy, not artificially induced by man, but occurring as the
natural result of some previous disease process or exposure to penicillin or a
related substance in nature. That this type of sensitivity is probably not related
to penicillium spore sensitivity is indicated by the observations of Feinberg (18).
b) The unusual incidence of latent penicillin sensitivity in patients with active
fungous disease of the skin as in 7 of 17 such instances as reported by Cormia and
Lewis (6). Conversely, the absence of this form of sensitivity in young children,
who likewise are rarely trichophytin-sensitive. Thus, the same authors found no
positive tests in 45 children under 7 years. We have found that amor g 65
children less than 12 years of age who had not received penicillin, there was found
not a single instance of a "spontaneous" positive penicillin skin test (1).
c) The predilection of the erythemato-vesicular penicillin eruptions for the
favorite sites of fungous disease, and the like character of that eruption. This
was first reported by Graves, Carpenter and Unangst (15) and confirmed by
many others (14). The character of the eruption, as well as that of the 48 hour
penicillin skin test, indicates the pre-existence of epidermal sensitization to peni-
cillin, or some closely related substance. The distribution of the eruption
further suggested pre-existing dermatophytosis as the original sensitizing agent.
d) Actual precipitation of the latent stage of penicillin sensitivity with posi-
tive penicillin skin test only, into the active stage of typical erythemato-vesicular
eruption with classical distribution by administration of crystalline penicillin.
We observed this in a case, reported in detail elsewhere (1). This supplies a
missing link in the chain of evidence incriminating pre-existing sensitivity to
penicillin in the causation of this form of clinical penicilln reaction. In these
cases a positive tirchophytin test and the presence of dermatophytosis completed
the usual background of this form of penicillin reaction.
e) The demonstration by Peck and Hewitt that pathogenic fungi produce an
antibiotic similar to penicillin (19). This work together with the foregoing
observations, gives strong support to the concept that the state of latent peni-
cillin sensitivity is induced by pathogenic fungi in the skin.
In our opinion, the conclusion appears justified that the dermatophytes sensi-
tize the skin to a penicillin-like substance just as they do to trichophytin. Peni-
cillin sensitivity, thus induced, is independent of trichophytin sensitivity.
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They are often associated because of a common origin. According to our view,
it is unnecessary to postulate a "common antigen" as some authors have done
(6, 20).
. Relation of penicillin and trichophytin as antigens
There can be no common antigen between crystalline penicillin and tricho-
phytin. This statement is based on the following considerations:
a) Crystalline penicillin G presumably contains nothing but crystals of pure
penicillin. We have been able to show that its antigenicity closely parallels its
antibiotic potency. Thus, heating an aqueous solution of crystalline penicillin
with the addition of HC1 destroys its antibiotic potency. If the preparation is
then neutralized to its previous pH and used for testing in a patient whose skin
is strongly reactive to untreated crystalline penicillin, a negative test is obtained.
Even standing for more than a week at refrigerator temperature causes a solution
of crystalline penicillin to lose its potency as an antibiotic and likewise its ability
to act as an antigen and elicit the 48 hour skin test. Thus the antigen must be
identical with penicillin itself.
b) In contrast with penicillin, trichophytin is much more stable, and will
act as an antigen after long standing. It is heat stable and resists the action
of FTC!.
c) As further evidence for the distinct separation of the common trichophytin
antigen from penicillin, the following experiment was carried out:
The strain of T. gypseum furnished by Lewis was inoculated into routine
penicillin media and it was shown capable of producing small amounts of a
penicillin-like factor as tested against B. subtilis (Peoria).
Trichophytin was then made using the same organism grown in routine fashion
in Saboraud's bouillon. This trichophytin was shown to have no antibiotic
activity. In order to make certain that even the .slightest traces of antibiotic
activity was destroyed, hydrochloric acid was added. It was then neutralized
with N/10 sodium hydroxide to pH 7.0. This preparation gave a positive
trichophytin reaction in a trichophytin-sensitive patient which differed in no
way from the reaction obtained with the same trichophytin to which no HC1
was added. In another patient sensitive to crystalline penicillin sodium G,
intradermal tests with this trichophytin preparation, both treated and untreated
with hydrochloric acid, were negative.
This experiment shows that even if it were conceivable that traces of peni-
cillin were present in the ordinary trichophytin preparation, it would not be
enough to elicit a positive reaction in a patient sensitive to penicillin but negative
to trichophytin.
This experiment shows that an active trichophytin antigen made from a strain
of fungus capable of producing a penicillin-like factor was completely distinct as
an antigen from penicillin itself.
d) Although often associated, clinical observation shows that penicillin allergy
and trichophytin allergy are distinct. Thus, in our series among 15 patients
with "spontaneous" latent penicillin sensitivity, six were negative to tricho-
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phytin. Penicillin sensitivity can, therefore, exist in the absence of trichophytin
sensitivity. Needless to state there are many instances of trichophytin sensi-
tivity without penicillin allergy.
e) When penicillin and trichophytin sensitivity co-exist, it is possible to de-
sensitize the patient with increasing doses of penicillin and convert the positive
48 hour penicillin skin test to negative, without in any way altering the tricho-
phytin reaction. We reported this recently in a single case of successful de-
sensitization to penicillin (21), but we have since made the same observation
in many others (1). The following case report is illustrative:
H. L., male, aged 43. Routine intradermal tests on October 16, 1945 with trichophytin
1:30 gave a 2 to 3 plus reaction. The 2000 units of crystalline penicillin injected intrader-
mally were negative. On November 18, 10 and 13, he received 2000 units of penicillin(eom-
mercial preparation) intradermally with no reaction. On November 24, 27 and 29 a freshly
prepared penicillin solution prepared with vaiious concentrations was applied as a patch
test. The last application was made on December 1 and there was a positive patch test
reaction with vesiculation.
An intradermal test on December 4 with 2000 units of commercial penicillin intradermally
gave 1 cm. area of erythema and induration (same lot as given intradermally before).
On December 6 crystalline penicillin (F.A.D.) 2000 units gave a 2 x 1 cm. area of redness
and induration in 48 hours.
Desensitization was begun on December 11, since we considered that the case had been
successfully sensitized to penicillin. At that time, 20 units of penicillin given subcu-
taneously gave a 3 x 3 cm. area of induration and papules. From December 27 to the end of
March 1946, increasing doses of penicillin were given subcutaneously beginning with 8t
units and increasing by 4k units per injection. These were given 3 times a week. At the
end of that time, the intradermal trichophytin test 1:30 was 3 plus and 2000 units of crystal-
line penicillin just gave a faint erythematous reaction. Daily injection of 20,000 units of
penicillin subcutaneously from April 10 to April 16 were given with no local or generalized
reaction.
This case illustrates very well that both the sensitization and desensitiz&tion
with penicillin had no effect on the trichophytin reaction. It can be seen from
such an experiment that the antigen giving rise to penicillin sensitivity and that
causing trichophytin sensitivity are distinct.
f) In human beings, the artificial induction of penicillin sensitivity does not
induce trichophytin sensitivity. Cormia and Lewis (6) report that in 4 or 5
guinea pigs a positive trichophytin test was obtained after these animals had been
given two intracutaneous injections of amorphous penicillin 1000 units each at
intervals of 28 days followed by a single intravenous injection of the same dose
of penicillin. They concluded that this observation "indicates that a common
antigen may be present in trichophytin and in penicillin". The following case
of deliberately induced penicillin sensitivity in a human being is instructive in
this connection:
S G., a 46 year old female with a history of hay fever and asthma was found to be tricho-
phytin negative. The routine 48 hour skin test with 2000 units of crystalline penicillin
done at the same time was likewise negative. Sensitization was attempted with a series
of intradermal injections of 2000 to 5000 units twice weekly, a total of 11 injections being
given. At the end of 7 weeks the 48 hour skin test to crystalline penicillin had become
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markedly positive, giving a reaction 3.0 cm. in diameter consisting of erytbema, edema
and vesiculation. There was a definite fiareup of preceding injection sites. The trieho-
phytin test in contrast remained entirely negative.
g) Among 130 patients receiving penicillin treatment whom we tested with
penicillin and trichophytin, the incidence of trichophytin sensitivity was not
greater but actually less than among those not receiving penicillin. 276 patients
who had never received penicillin were tested and among them there were 92
with a positive trichophytin reaction, an incidence of 33.3%. Among those
receiving penicillin there were 28 patients with a positive trichophytin, an in-
cidence of only 21.5%.
Even more to the point is the fact that in human beings, induced penicillin
allergy of the urticarial, serum-sickness type, is not associated with a high, but
rather a low incidence of trichophytin sensitivity, even though a positive 48 hour
penicillin skin test is induced. Thus, among 25 such cases we observed there
were 10 with a positive penicillin test but only two with a positive trichophytin
reaction. By contrast among 7 cases with the erythemato-vesicular form of
reaction, all had both positive penicillin and trichophytin tests.
We conclude then that the antigens of trichophytin are distinct from crystal-
line penicillin and that there is strong evidence against the existence of any
common antigen between them. Our experiments in guinea pig anaphylaxis
dd Snot yield evidence of any cross sensitization between these two substances.
Their chemical and biologic character are as we have seen also at variance.
However, the evidence at present available is strongly in favor of the hypoth-
esis that previous sensitization to a penicillin-like substance formed by patho-
genic fungi in the skin is responsible for both latent "spontaneous" penicillin
allergy and its activation by penicillin treatment into the typical erythemato-
vesicular type of penicillin eruption. This epidermaJ sensitization to penicillin
is induced in the course of fungous disease of the skin just as occurs with tricho-
phytin. It is now known that the pathogenic and non-pathogenic fungi elaborate
many antigenic substances. Among these, because of its unique therapeutic
properties, a penicillin-like factor is most important. Patients with fungous
disease may become sensitized to one or many antigens. Sensitization to peni-
cillin should be regarded as a distinct entity from sensitizations to other fungous
products such as trichophytin.
We conclude, therefore, that the antigen producing true penicillin sensitivity
is distinct and apart from that antigen producing the common trichophytin reac-
tion and trichophytin sensitivity.
SUMMARY AND CONCLUSIONS
A. Animal experiments
1. 100,000 to 200,000 units (60—120 mgms.) of crystalline penicillin can cause
non-specific, pharmacologic contraction of the guinea pig uterine strip as used
in the Dale experiment. The largest dose considered indicative of anaphylaxis
in our experiments was 50,000 units (30 mgm.).
182 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
2. Trichophytin in sufficiently high concentration causes a non-specific con-
traction of the isolated guinea pig uterine strip. Since there is no standard of
potency for this preparation, the proper concentrations to be used in investiga-
tions of anaphylaxis with the Dale experiment must be determined on a large
series of control animals.
3. Penicillin, whether amorphous or crystalline, is toxic for guinea pigs in
relatively small amounts. 111 of 129 animals died within 12 to 24 hours after
receiving from 1500 to 6000 units of penicillin.
4. Penicillin is a weak antigen. We were able to demonstrate irregular ana-
phylactic sensitization with crystalline and amorphous penicillin by means of
the Dale technic.
5. Positive anaphylaxis with non-crystalline penicillin may be due to sub-
stances other than penicillin itself.
6. We were unable to produce an Arthus phenomenon in rabbits with penicillin.
Penicillin also did not serve either as an eliciting or preparatory factor in the
Schwartzman phenomenon.
7. Crystalline penicillin-human plasma albumin did not give a higher incidence
of positive anaphylaxis in guinea pigs than was obtained with penicillin alone.
8. Anaphylaxis in the guinea pig with streptomycin could not be demonstrated.
9. The Arthus phenomenon could not be produced in rabbits with streptomy-
cm. However, we were able to produce a Schwartzman phenomenon with
streptomycin as an eliciting factor under certain conditions. This probably
indicates the formation of antibodies to streptomycin.
10. In guinea pigs injected with penicillin there was not a single positive
Dale reaction to trichophytin or streptomycin. In the streptomycin injected
animals, however, uterine horns from 2 animals reacted to amorphous and crys-
talline penicillin. Our experiments suggest that streptomycin as at present
commercially available contains an antigen closely related to penicillin. Peni-
cillin itself may be present in small amounts in streptomycin.
11. Positive specific Dale responses were obtained to trichophytin in two
streptomycin-injected animals. These muscle strips had not reacted to either
streptomycin or penicillin. These results suggest the possibility that streptomy-
cm and trichophytin contain a common antigen, present in larger amount in
the latter.
12. We were unable to prove anaphylaxis either to trichophytin or penicillin
in the guinea pig in the course of T. gypseum skin infection.
13. Clinical experience has indicated that some forms of penicillin allergy are
associated with previous fungous disease of the skin. "Spontaneous" penicillin
sensitivity exists as a latent form in patients who have never received penicillin
and can only be demonstrated by the positive delayed skin reaction to penicillin.
When such patients receive penicillin they usually develop an erythemato-
vesicular eruption which first becomes manifest on hands, feet and groins, and
may resemble a trichophytid.
14. We have been able to show that the antigens of trichophytin giving rise
to the trichophytin test and trichophytin sensivitivy, as exemplified by tricho-
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phytids, are distinct from those of crystalline penicillin. Our experiments in
guinea pig anaphylaxis did not yield evidence of any cross-sensitization between
these two substances. We conclude, therefore, that the antigen producing true
penicillin sensitivity is distinct and apart from that antigen producing tricho-
phytin sensitivity.
15. Specific desensitization to penicillin was induced by repeated intradermal
injections of penicillin without alteration of sensitivity to trichophytin. This is
further evidence of the fact that penicillin and trichophytin do not have a com-
mon antigen.
16. The evidence at present available is strongly in favor of the hypothesis
that the latent "spontaneous" penicilln allergy is induced in the course of fungus
disease of the skin by the elaboration of a penicillin-like substance by the patho-
genic fungi. The mechanism of this sensitization is the same as that which causes
trichophytin sensitivity. Trichophytin and penicillin are two of the antigens
which have been so far identified as being produced by the pathogenic fungi.
DISCUSSION
Dx. MARION B. SULZBRRGRR: This paper is as pleasant to listen to as it is difficult to dis-
cuss. Many points of interest are presented in such a splendid but concentrated fashion
that I am at a loss where to begin. First, I must compliment the authors on the really care-
ful and exemplary manner in which they carried out their studies and controls as well as the
manner of presentation.
I want to ask a question regarding results: when the presenters say "trichophytin" I am
not certain exactly what they mean. "Trichophytin" designates a group of rather crude
extracts made from various species of trichophytons and related species, such as Achorions,
Microsporons, etc. The presenters have indicated that their extracts give not only the reac-
tions typical of trichophytins, but also some reactions which resemble those of penicillin.
So that it is rather misleading to say that their trichophytins and penicillin do not contain
common antigenic factors. I think what they mean is that it is not those fractions of
trichophytin which cause the usual trichophytin skin test which cross reacts with penicillin;
but that some other factors which they regard as contaminants cause the penicillin-like
responses. Everyone engaged in a study of this type should read the very early and fine
presentation of Werner Jadassohn and collaborators on the analysis of complex fungous
antigens by the Schultz-Dale technic. (Jadassohn, W., Schaaf, F. and Wohler, G. With
an Introduction by Sulzberger, Marion B.: Analyses of Composite Antigens by the Schultz-
Dale Technic; Further Experimental Analyses of Trichophytins. J. of Immunol., 32: 203,
1937.) These studies showed conclusively, both by sensitization of human skin and in
vitro tests on sensitized guinea pig's gut that the antigens produced by trichophytons were
complex and that so-called "trichophytins" contained many different fractions. Some of
these they called the trichophyton or "T" fraction; others the H-fraction, characteristic
of the hyphomycetes as a group; then the "A" fraction for the Achorions, the "M" fractions
for Microsporons, etc. They showed that some cross reactions occur even between oidio-
mycins and trichophytins. This work all indicates that in so-called "trichophytin" there
are fractions which may have close biologic and antigenic relationship to penicillin made
from penicillium fungi, as well as to "oidiomycin" made from oidia and yeast-like fungi.
As the presenters described the death from penicillin, I could not help thinking of tuber-
culin-death—late death in an animal sensitized to tuberculin. At autopsy one finds nothing
to account for this late tuberculin death. It is a well-known phenomenon but its mech-
anism has not as yet been cleared up. It is probable that human beings all have acquired
sensitivity to fungi, as a result of the yeasts, oidiomyces, penicillin and other fungi in our
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nasal passages, mouth, gastrointestinal tract, skin, etc. So that not only the pathogenio
fungi may be the cause of cross reactions and of penicillin sensitivity, but also non-patho-
genic fungi, which may contain antigens in common with the penicillin-producing penicil-
hum. The guinea pig too may harbor such non-pathogenic invaders, so that an animal may
well have acquired a tuberculin-type of sensitivity to penicillin and succumb to a tuber-
culin-type penicillin death on first administration of relatively large amounts of penicillin.
This and many other points will be elucidated by further work of this splendid type.
Da. Roy L. KILL: How valuable is the skin test?
DR. SAMiJEL M. PEcK: Dr. Sulzberger's remarks are absolutely to the point. You will
note in the paper as published that we were careful to state that the trichophytin that we
used was made in our own laboratory and the same trichophytin was used throughout all the
experiments. Over the years the work in our laboratory has shown that trichophytin is a
complex, crude product in which there are a number of antigens. One of these antigens is
responsible for the ordinary trichophytin test. This antigen varies quite markedly with
the method of preparation of the trichophytin. The point which we wish to stress in our
paper is that there is apparently a confusion in the minds of many workers from the pub-
lished work concerning the identity of trichophytin and penicillin. Also there seems to be
an opinion slowly developing in the minds of some of the workers that trichophytin sen-
sitivity and penicillin sensitivity, especially of the spontaneous type, are practically
analagous. The trichophytin as it is commonly prepared and used for the trichophytin
test does not contain any demonstrable penicillin. A reaction of sensitivity to the
trichophytin antigen responsible for the common trichophytin test has nothing to do with
sensitivity to crystallin penicillin. The trichophyton gypseum is capable of elaborating
under certain conditions an antigen which apparently is from the antibiotic spectrum, and
from its biologic reaction identical with crystallin penicillin G. However, sensitivity to
these two antigens, that is, the antigen responsible for the ordinary trichophytin test and
that responsible for penicillin sensitivity is quite distinct. The only relationship between
the two is that the cases of so-called spontaneous penicillin sensitivity we believe are due to
prior sensitization of the patient by a previous fungus infection. Sensitization is brought
about by the small amounts of penicillin-like antigens which the trichophyton fungus is
capable of elaborating in vivo. We have demonstrated the complete independence of the
two antigens, by the fact that patients who are sensitive both to trichophytin and
penicillin can be desensitized to penicillin, so that no further reactions of sensitivity are
elicited by large amounts of that antbiotic but still show no change in their routine tn-
chophytin test.
There are apparently two distinct reactions of sensitivity to penicillin. One is of the
serum sickness, urticanial type Which is an induced sensitivity, and the other is the eczema-
toid-trichophytid like type which is based on a previous sensitivity produced by a fungus
infection, and has been referred to as the group of the so-called spontaneous penicillin
sensitive cases.
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NOTICE
APPLICATION FOR SPACE IN SCIENTIFIC EXHIBIT AT NEXT ANNUAL SESSION.
The Scientific Exhibit for the next annual session of the American
Medical Association, to be held in Chicago in June 1948, is under the
direction of Dr. Francis W. Lynch, 1466 Lowry Medical Ares Building,
St. Paul, Minn. Those who desire to present an exhibit should write
directly to Dr. Lynch for application for space.
